than to bovine or Azotobacter vinelandii rhodaneses. Sequence searches through completed genomes indicate that GlpE can be considered to be the prototype structure for the ubiquitous single-domain rhodanese module. Sulfurtransferases (E.C. 2.8.1.x) are widespread en-Virginia Polytechnic Institute and State University zymes, found in all major evolutionary phyla, yet their Blacksburg, Virginia 24061 biological role is largely debated. The thiosulfate:cya-3 Department of Physics nide sulfurtransferases, or rhodaneses (E.C. 2.8.1.1), INFM catalyze the transfer of a sulfane sulfur atom from thio-University of Genova c/o Advanced sulfate to cyanide; the 3-mercaptopyruvate sulfurtrans-Biotechnology Center ferases (MST, E.C. 2.8.1.2) catalyze the same sulfane Largo R. Benzi 10 sulfur transfer reaction, using 3-mercaptopyruvate as a 16132 Genova sulfur donor [1]. Rhodaneses and MSTs display evident Italy amino acid sequence homology (about 40% identical 4 National Institute for Cancer Research residues), indicative of a common evolutionary origin c/o Advanced Biotechnology Center and similar three-dimensional folds [2]. The best-char-Largo R. Benzi 10 acterized sulfurtransferase is bovine rhodanese (Rho-16132 Genova bov), which catalyzes the formation of sulfite and thiocy-Italy anate from thiosulfate and cyanide [3, 4]. In the course of catalysis, the enzyme cycles between a sulfur-free form and a persulfurated intermediate, hosting the per-Summary sulfide sulfur atom on the catalytic Cys residue. Given its abundance in bovine liver mitochondria, Rhobov has Background: Rhodanese domains are structural modbeen deemed as primarily involved in cyanide detoxifiules occurring in the three major evolutionary phyla. cation [1]. However, other functional roles for rhodanese They are found as single-domain proteins, as tandemly enzymes have been proposed, including sulfur insertase repeated modules in which the C-terminal domain only in the biosynthesis and/or repair of iron-sulfur clusters, bears the properly structured active site, or as members involvement in sulfur metabolism, or interaction with of multidomain proteins. Although in vitro assays show thioredoxin [4-8]. sulfurtransferase or phosphatase activity associated The three-dimensional structures of two known sulfurwith rhodanese or rhodanese-like domains, specific biotransferases, Rhobov and Azotobacter vinelandii rhological roles for most members of this homology superdanese (RhdA) [9, 10], have shown that, in spite of limited family have not been established. sequence similarity (22% identical residues), both enzymes are composed of two structurally similar domains Results: Eight ORFs coding for proteins consisting of that may have originated by ancestral gene duplication (or containing) a rhodanese domain bearing the poten-[9]. These domains, henceforth called rhodanese dotially catalytic Cys have been identified in the Eschemains, both display a typical ␣/␤ topology. The essential richia coli K-12 genome. One of these codes for the Cys residue, located in the C-terminal domain of both 12-kDa protein GlpE, a member of the sn-glycerol 3-phosenzymes, is the first residue of a 5 amino acid loop phate (glp) regulon. The crystal structure of GlpE, re-(the active-site loop) that folds in a cradle-like structure ported here at 1.06 Å resolution, displays ␣/␤ topology defining the enzyme catalytic pocket. The catalytic Cys based on five ␤ strands and five ␣ helices. The GlpE thiol is located at the bottom of the pocket, within a catalytic Cys residue is persulfurated and enclosed in strongly positive electrostatic field generated by the ara structurally conserved 5-residue loop in a region of chitecture of the active site and by the surrounding basic positive electrostatic field. residues [11]. In spite of the similar thiosulfate:cyanide sulfurtransferase activity and the conserved catalytic Cys residue, the amino acid composition and the loca-Conclusions: Relative to the two-domain rhodanese enzymes of known three-dimensional structure, GlpE tion of charged residues in the active-site region of Rhobov and RhdA are widely distinct [10]. displays substantial shortening of loops connecting ␣ helices and ␤ sheets, resulting in radical conformational
Cdc25B [12, 13], which host the active-site Cys residue
(part of the cryoprotectant solution), and 2 acetate anions (see Table 1 ). at a strictly comparable site, despite the negligible amino acid sequence similarity to the rhodanese family.
A single GlpE molecule is observed in the crystallographic asymmetric unit of the trigonal crystal form ana-Moreover, genome sequencing has shown that ORFs coding for rhodanese (or MST) homologs are present in lyzed. In the crystalline lattice, each GlpE molecule establishes direct contacts with eight neighbors. Inter-most eubacteria, archea, and eukaryota (see, e.g., COG [14] or SMART [15]). Often, several genes coding for molecular interactions involve an interface of, at most, 458 Å 2 , for a total of 2237 Å 2 , representing 37% of the distinct "rhodanese-like" proteins are found in the same genome, suggesting that the encoded proteins may total GlpE surface (5980 Å 2 ). Intermolecular interactions are mostly based on van der Waals contacts, with only have distinct biological functions. 
on a side of the catalytic pocket, hydrogen bonded to Structural Bases of the Sulfurtransferase Activity
To confirm on a structural basis the in vitro-observed the Ser70 O␥ atom. The occupancies of the first (persulthiosulfate:cyanide sulfutransferase activity [8], native furated) and the second (persulfide free) Cys65 conform-(i.e., 80% persulfurated) GlpE crystals were treated with ers were evaluated as 80% and 20%, respectively. The cyanide, as described in the Experimental Procedures presence of two conformational states may be related (Table 1) , and the resulting crystal structure was anato the purification protocol adopted for GlpE, in which lyzed at 2.0 Å resolution (R factor ϭ 17.7%, R free ϭ two distinct peaks obtained from anion-exchange chro-24.8%). As expected, cyanide soaking led to removal matography, possibly corresponding to distinct activeof the Cys65 persulfide S␦ atom. The Cys65 side chain site conformation/ionization states of GlpE, were pooled was still observed as a mixture of two alternate confortogether for crystallization purposes (see the Experimations, close to those observed in native GlpE crystals mental Procedures). (Figure 2b) /e and 19 kT/e, respectively) . These taining compounds [20] , native GlpE crystals were soaked findings indicate that the strength and shape of the elecin K 2 HPO 4 and in H 3 PO 2 solutions. Crystallographic analtrostatic field is primarily dependent on the main chain ysis showed that neither compound was able to remove conformation of the active-site loop, rather than on the the Cys65 persulfide sulfur or to affect the active-site conformation. This agrees with the observation by Ray amino acid composition. Figures 3 and 4b) , resulting in very similar main chain protein core and the guanidinium group of Arg27 is only minimally exposed to the solvent (14 Å 2 ), the contribution conformations surrounding both catalytic centers. Conversely, the opposite faces of each protein (relative to of this interaction to the overall free energy of the rhodanese-like domain must be substantial. the active site) display substantial structural deviations, as indicated by the ␣A-␤B, ␣C-␤D, and ␣D-␤E loops (Figures 3 and 4b 
